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Foreword 

The purpose of this report is to com- 
pile information and data on the use of 
electric service in hotels and office build- 
ings, which will serve as a guide for 
engineers, architects and the owners of 
such buildings or buildings of a similar 
character, in selecting a source of elec- 
tric service. 

The report generalizes on the applica- 
tion of purchased electric service. It 
brings out the tangible and intangible 
advantages of such service ; indicates 
methods used in the territory of one 
operating company to obtain funda- 
mental data necessary for the study of 
such applications and gives actual oper- 
ating data on a number of buildings 
which can be used as a basis for com- 
parison in setting up similar data for a 
proposed building. 

Preliminary Considerations 

The artist, before stretching his can- 
vas or applying his brush, conceives 
the finished picture in his mind. The 
inspiration has come. Its mark is a mind 
picture and the senses which move the 
creative implements mould the materials 
available into the inspired form. Simi- 
larly the designer, builder and engineer 
of commercial ventures are moved to the 
erection of huge commercial buildings, 
save that such inspirations involve finan- 
cial considerations. Any inspiration is 
followed by such considerations, usually 
preliminary at first, and later by de- 
tailed studies and analyses. 

The architect and engineer will first 
survey the purpose of the project. If it 
is to be an office building or hotel it 
must be so planned, erected and oper- 
ated to give services of many varieties. 
These services must be supplied ; first, in 
an attractive and unique manner and 
different from the ordinary if they are 
to draw patronage; second, in a prac- 
ticable and safe manner and third, in a 
financial manner that is economically 
sound. To "dress up" the appearance 
and catch the client's eye is the archi- 
tect's problem. To supply the service 
under such conditions is the engineer's 
job. In short, human needs and desires 
are behind the architect's pen and the 
engineer's curves and diagrams. 

After the preliminary plans have been 
sketched, the problem of supplying the 
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necessary services must be attacked. The 
demands for heat, refrigeration, ventila- 
tion, communication and electrical en- 
erg}', dressed in a veneer of art and 
domesticity to conceal the mechanism of 
personal service institutions, require 
careful basic analysis. The modern 
hotel and office building with their as- 
semblage of power services are by their 
very nature more or less complicated. 

Food, comfort, convenience and clean- 
liness are clearly the basic factors in the 
problems. Food means electricity and 
steam for cooking, hot water for dish 
washing, refrigeration for preservation 
and preparation. Comfort means heat 
in the winter, air conditioning in sum- 
mer and ventilation all through the year. 
Convenience means elevator service, 
light, and systems of communication op- 
erated by air and electricity. Cleanli- 
ness means baths, hot and cold, steam 
and hot water for laundry, and vacuum 
for cleaning. 

All of these are nothing more than the 
elements of the engineer's heat balance, 
expressed in human values instead of 
British Thermal Units. These are, there- 
fore, the beginning and the end of the 
power service problems in every great 
building, whether it be a theatre, hos- 
pital, office building or hotel. 

Each building is a new pattern com- 
posed of the same basic elements. Ability 
to handle new combinations is acquired, 
in part, by studying those already in ex- 
istence. Breadth of view is as impor- 
tant as experience and technical knowl- 
edge. The observation that "in the last 
analysis, it's all a matter of dollars and 
cents" is trite but fundamental. The 
dollar value of many of the intangible 
advantages of purchased services over 
private production cannot be set up in 
the balance sheet, but these advantages 
cannot be overlooked when the safety, 
convenience, and comfort of the build- 
ing's clientele are being considered. This 
is extremely important since the owner 
of a hotel or office building is faced with 
increasing competition in selling his ser- 
vices to the public. 

Purchased power service is convenient 
because it is always ready and available 
by the mere turning or throwing of a 
switch. Operations are greatly simpli- 
fied with a minimum of labor, and many 
mechanical complexities are absent. With 
purchased power, there are no power 
plant break-downs for the building 
owner to worry about. There are fewer 



labor problems to contend with. It 
greatly reduces the responsibilities of the 
building manager and gives him more 
time to devote to other features tending 
toward better service for tenants or 
guests, and greater economy for the 
owners. 

A building operated with purchased 
service can be kept clean with much less 
effort than a building with an isolated 
plant. There is less grease, ash dust, 
coal dust and smoke. The reduction of 
these has a decided effect on both the in- 
terior and exterior cleanliness of the 
building. This appeals to the building 
owner or manager because he usually 
has some civic pride and takes more or 
less interest in the cleanliness and attrac- 
tiveness of his community. It is certainly 
desirable to keep at a minimum the num- 
ber of smoking stacks, rumbling coal and 
ash trucks delaying traffic and spilling 
dust and dirt along the thoroughfares of 
a community. 

The comfort of tenants or guests is 
uppermost in the building operator's 
mind. The environment of employes 
determines to a great extent their effec- 
tiveness. The temperature in the base- 
ment of some of the larger office build- 
ings with private power plants has been 
found to be from 110 to 120 F in the 
summer time and from 95 to 105 F in 
the winter time. After working under 
such conditions all day and then going 
out into an atmosphere of 30 F or even 
zero temperature the employe is subject 
to sickness. Unless provisions are made 
to prevent it, large volumes of this hot 
air carrying dust and fumes, will rise 
from the engine room through the build- 
ing by way of pipe and cable shafts, ele- 
vator shafts and stairways making the 
building less comfortable for occupants, 
particularly in the summer months. The 
first floor, the most valuable space in the 
building and often occupied by the 
owners for general offices where contact 
is made with the public, often suffers 
most from the heat, noise and fumes of 
an engine room in the basement. The 
above difficulties will be reduced if 
power is purchased and entirely elimi- 
nated if both steam and power services 
are purchased. 

The public always considers the 
"quality of service" as well as the price. 
The constant upward trend of standards 
of living, demands the best of every- 
thing. This calls for proper lighting, 
fast elevator service, proper ventilation 
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and assurance of performance on the 
part of equipment in use. Proper appli- 
cation and regulation of the supply of 
electric service are necessary to give such 
quality. The building operator who 
uses purchased current has at his dis- 
posal through the electric service com- 
pany a corps of men trained in the solu- 
tion of such problems. 

The sole reason for anyone becoming 
a "Jack-of-all-trades" is a sense of self 
dependability or the feeling that if you 
want a thing done right you must do it 
yourself. Buildings which furnish their 
own electric service suffer from the same 
"Independent Complex." The realiza- 
tion of this occurs when trouble strikes 
at the vital points and paralysis sets in. 
Trouble of this nature is always more 
deep seated and requires more resources 
than are usually available. In the elec- 
tric service companies, specialists in the 
arts of production and distribution of 
electrical energy are gradually eliminat- 
ing even the possibilities of any break 
in continuity of service. As a result, 
when an interruption does occur, it can- 
not be of long duration and if necessary 
the vast system of interconnections with 
other central sources of power is brought 
into play and service is continued with 
little inconvenience to its customers. 

The multitude of details and costs in- 
volved in the operation of any large com- 
mercial building venture entails quite 
an expense in accounting records and 
allocation of these costs to the proper 
accounts. Using a unit basis such as per 
room or per square foot of rentable space 
and having the total electric service cost 
in one statement simplifies this procedure 
greatly. With purchased service this 
becomes of little consequence. Many 
items of expense are covered in one bill — 
the power bill. The electric meter gives 
at all times an accurate and quick ac- 
count of the cost in a simple manner. 

The public has been educated to a 
great extent in the use of electric ser- 
vice and accidents are rare. Contrast 
to this the possibilities of accidents pre- 
sent in the operation of boilers and en- 
gines. 

A building is no different from a piece 
of furniture in that it becomes "old 
fashioned" with the progress of time. 
New services, such as increased illumina- 
tion, flood lighting, etc., are added to 
attract tenants and guests. This re- 
quires additional service capacity. In- 
creasing plant capacity is often an awk- 
ward situation and a costly one. To 
burden the electric service company with 
this problem requires but notice of such 
plans and the solution is simple. Add- 
ing to plant capacity for services of low 
load factor increases production costs 
very rapidly. 



At night and during Sundays and holi- 
days, office building loads are light and 
the power plant must be run at a low 
efficiency or shut down entirely. If it is 
shut down, as is done in some cases, it 
will be an inconvenience to some em- 
ployes or tenants. Purchased service is 
always available in any desired quantity 
and the consumer pays only for what he 
uses. 

Delivery of fuel and the removal of 
ashes usually means blockading of side- 
walks and streets. This inconvenience 
is reduced considerably with purchased 
electric service and can be eliminated en- 
tirely if purchased steam service is avail- 
able. 

Cost Considerations 

The builder or designer of a prospec- 
tive office building, hotel or other com- 
mercial structure must of necessity give 
close study to the costs of operating such 
structures after erection, to the end that 
the highest economies can be effected 
and that the maximum return may be 
realized on the investment. The con- 
sulting engineer cannot afford to over- 
look the purchase of heat and power if 
such services are available as very often 
this procedure offers the solution to the 
operating problems and simplifies selec- 
tion of equipment. 

In the case of a building already gen- 
erating all services in a private plant, 
economical operation is equally impor- 
tant. If the building manager has rec- 
ords of his plant performance it is pos- 
sible for him to check up and arrive at a 
unit cost for supplying services from his 
own plant. He must include fixed 
charges on future investments, determine 
depreciation of present equipment, care- 
fully weigh the intangible and tangible 
advantages of purchased service and ob- 
tain from the utility which supplies these 
services an estimate of the cost of opera- 
tion applied to his particular case and 
condition. He will at least determine 
whether his present operation justifies 
continuance or a change to purchased 
service effects material advantages which 
cannot be disregarded. 

An analysis of the cost of power for 
an office building or hotel involves also 
the cost of heat as both power and heat 
are supplied from the isolated plant. 
This together with the many other ser- 
vices required by such buildings, namely, 
hot and cold water, cooled drinking 
water, elevator service, ventilation and 
compressed air makes the analysis rather 
lengthy and complex. In trie case of 
hotels, kitchens and laundries usually 
add to the problem. But the analysis is 
not difficult if the operation of each piece 
of power plant equipment is carefully 
studied. 



Collecting Data 

Figs. 1-a to 1-i inclusive show forms 
or questionnaires which can be used to 
advantage in collecting the data required 
in the analysis of power costs. Perhaps 
the process of analyzing these costs can 
best be described by going over these 
forms. 

General Information 

Fig. 1-a merely gives the name and 
location of the building, the names of 
parties interested in the study, with a 
brief description of the building and the 
principal power plant equipment. 

Fig. 1-b provides for a continuation of 
the description of the principal power 
plant equipment and a record of the cur- 
rent generated. The current generated 
should be determined by meters installed. 
They should record the facts in regard 
to the power generated in the same man- 
ner as the utility's meters used for bill- 
ing purposes would record the current 
used. If monthly charges are based on 
a 15-min maximum demand then the 
test meters should record this demand. 

Fig. 1-c is a form to be used in esti- 
mating the cost of installing an isolated 
plant and will be used only where a 
plant is being considered. 

Operating Costs 

Fig. 1-d gives an itemized account of 
the isolated plant operating costs. It is 
extremely important that the data here 
be complete and exact. Unusual con- 
ditions may produce items not listed in 
this form. 

The value of space made available by 
eliminating power plant equipment in 
new buildings and removing such equip- 
ment from existing buildings should not 
be overlooked. It is rarely that such 
space cannot be put to good use and 
bring some return. That there is a 
demand by tenants for space below street 
level has long been recognized by pro- 
gressive operators of real estate. The 
advantageous utilization of areas of this 
kind has been made possible by improved 
types of equipment which eliminate heat, 
noise and dirt and add greatly to the 
desirability and value of basement spaces. 
These methods include substitution of 
electrical for steam driven machinery, 
the use of overhead driven elevators and 
better lighting and ventilating systems. 

In office buildings this space can be 
used for basement lockers, storage of 
records, correspondence, merchandise 
and supplies, restaurants, barber shops 
and garage storage. Department stores 
have used such space for bargain base- 
ments, packing and delivery rooms, 
vice desks and storage. Hotels place re- 
tail shops, coffee grills, garage storage, 
recreation rooms and night clubs in base- 
ment space. 
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Electric Service for Hotels and Office Buildings 



The 24-story bank and office building 
referred to in Figs. 2-a and 2-b, offers 
a splendid example of utilizing a base- 
ment formerly occupied by a private 
plant. Figs. 3 to 6, inclusive, are pic- 
tures of the basement with the private 
plant equipment in use. Figs. 7 to 10, 
inclusive, show to what advantage this 
space was used after removal of plant 
equipment. The ceiling height of this 
basement permitted construction of a 
mezzanine floor and made available a 
total of 12,400 sq ft of space free from 
any mechanical equipment, for those uses 
represented in Figs. 7, 8 and 9. Three- 
fifths of this space formerly was occu- 
pied by the engine room and the re- 
mainder by the boiler room. In this 
particular case the possible annual rental 
revenue was increased by $12,000.00. 
Fig. 10 shows a typical suite of offices 
built in the former hydraulic elevator 
shaft of this same building. By chang- 
ing the elevator to electric drive and 
limiting 6 of these to local service to the 
16th floor, 2,274 sq ft of space, which 
was rented immediately for approxi- 
mately $5,700.00 annually, was released 
for office purposes. 

Another office building with a bank 
occupying the first and second floors has 
provided attractive and comfortable rest 
rooms, wash rooms and locker rooms 
for employes in the space which was 
formerly an engine room. Figs. 1 1 and 
11-a indicate this advantageous change. 
The 1,000 sq ft of space so obtained has 
a conservative rental value of $1.00 per 
sq ft per yr. 

One large office building in Pitts- 
burgh offers a splendid example of the 
value of basement space and the uses to 
which it can be applied. This building 
has devoted 70,000 sq ft of basement 
space to a ramp type parking garage, cap- 
able of storing 240 cars at an average 
rental of $18.00 per month per car. In 
addition, "Archives" of steel shelves for 
storage, size 6 ft x 9 ft with individual 
locks are rented to tenants at $10.00 per 
month. By having these desirable facili- 
ties available to the tenants the rental 
value of the office space has been en- 
hanced materially. 

Another large office building has 
leased basement space for a large high 
class restaurant. Still another building 
is now seriously considering purchased 
service due to a need for additional space 
for storage of drawings, stationery, cor- 
respondence, etc. Removal of their 
power plant would provide very de- 
sirable basement space for this purpose. 

Heating Costs 

Figs. 1-e, 1-f and 1-g deal with the 
cost of heating. This phase of the sur- 
vey is just as important as the analysis 



of power costs and must be studied very 
carefully in order to arrive at a correct 
solution. 

The remark is often made that "our 
power costs us very little because we 
must have steam for heating and our en- 
gines serve as a reducing valve" or "our 
heating costs us nothing because we use 
the exhaust steam from our engines." 
The economy of using the exhaust ^team 
from a power plant in an office or hotel 
is greatly overstressed. If the heating 
load curves and the power load curves 
coincided there would be a decidedly 
greater economy than actually can be ob- 
tained, but for the greater part of the 
time the curves do not coincide. During 
certain hours of the day it may be neces- 
sary to add live steam while at other 
times there may be an excess of exhaust 
steam available. Taking an average for 
the day may make it appear that there 
is no live steam required or possibly no 
excess exhaust. For this reason it is es- 
ential to make heat balance studies on 
an hourly basis. 

Obtaining Electrical Usage Data 

Fig. 1-h shows a form for calculating 
the current that would be consumed with 
the building on central station service. 
It provides initially for the maximum 
demand and kilowatthours as registered 
by the test meters installed. From these 
readings is to be deducted the current 
used by electrically driven equipment 
that will no longer be required when the 
power plant is shut down. Frequently 
there is considerable equipment, such as, 
pumps, fans, coal and ash conveyors, 
machine tools, etc., which are used ex- 
clusively in the operation of the isolated 
plant. The energy used in the operation 
of this equipment must naturally be de- 
ducted from the total generated. If any 
of this equipment is used during off-peak 
hours only, its load is not to be deducted 
from the maximum demand as estab- 
lished by the test meter. 

Provision is made on this form for 
adding to the current generated any ad- 
ditional electrically driven equipment 
that will be required with central station 
service. Usually there are steam driven 
pumps, refrigerating machines, fans, etc., 
that must be replaced with motor driven 
equipment. The estimated demands and 
energy consumptions of such equipment 
must be considered in arriving at the 
total generated. Vacuum cleaning ma- 
chines are, in most cases, used only at 
night, i.e., during off-peak hours. The 
use of air compressors often can be 
limited to off-peak hours. t Care should 
be taken not to include the load of such 
equipment in arriving at the total de- 
mand. This is of special importance 
where current is to be purchased on a 
demand rate. 



The result, after making these deduc- 
tions and additions, is the basis for cal- 
culating the central station's bill for 
electric service. 

In addition to the central station's bill 
for electric service there will be other 
cost items, such as labor, supplies, main- 
tenance, repairs, etc. If steam for build- 
ing heating, hot water, cooking, etc., can- 
not be purchased from a central heating 
plant, figures covering the cost of pro- 
ducing this steam in an isolated boiler 
plant must be included. To this must 
be added the fixed charges on the invest- 
ment for new equipment required for 
the use of central station service. The 
total should represent the complete cost 
of operating with central station service 
on this basis of giving the building the 
same services that it is getting from the 
isolated plant and comparable with the 
total cost of operating the isolated plant. 
In the final analysis, at the bottom of 
Fig. 1-i, a direct comparison is obtained 
between isolated plant operating cost 
and the cost with central station service 
which shows the tangible advantage in 
the form of a saving in dollars and cents, 
if a saving can be effected. 

Analyzing Costs 

Figs. 12 to 20 inclusive, present typical 
steam load curves for a 22-story office 
building, a 360 and 840-room hotel, 
which give a comparison between the 
steam required for building heating, hot 
water service, etc., and the exhaust steam 
that would be available if power were 
produced from a private plant. The of- 
fice building and smaller hotel originally 
operated private plants, but are now 
purchasing both electric service and heat- 
ing service. The cost of light, heat and 
power for these buildings is given fur- 
ther on in the report. In the case of the 
22-story office building, the cost of light, 
heat and power when produced from its 
private plant is also given. The 840- 
room hotel always has purchased all 
light, heat and power required. 

By setting up a series of curves for 
different outside temperatures it was es- 
tablished that the 22-story office build- 
ing used only 9.6 per cent of the exhaust 
steam available during the year for 
building heating and water heating. The 
building is used entirely for banking and 
business office purposes and contains no 
offices for doctors and dentists. This 
percentage would be somewhat greater 
for hotels due to the large quantity of 
steam required in a hotel for hot water, 
laundry, cooking, etc., throughout the 
year. The figure of 9.6 per cent was 
established in the following manner : 

By taking the actual yearly coal con- 
sumption under private plant operation 
and assuming an average evaporation of 



General Power Committee 





POWER PLANT SURVEY 






Cost of Operation With 






Central Station Service 




Operating Charges: 






Labor 


Engineers 3 @ $1,980 per year 
Firemen - % per year 


$5,940.00 




Repairmen 1 @ 1,560 per year 


1,560.00 




Laborers 1 @ 1,248 per year 


1,248.00 


Fuel 


tons of coal per yr. per ton • 




Fuel 


M.Cu.Ft. gas per yr. per M. 




Water 


M. Gallons per year per M« 


1,200,00 


Removal of ashes tons @ per ton 




Oil waste and 


supplies 


710.00 


Maintenance and repairs 




Miscellaneous 






Electric serv 


ice (L) 


16,078.89 


Steam 


(H) Actual 1S27 cost 


6,951.65 


(-) 


Total operating cost per year 


33,688.54 


: ? i>:ed Charges : 






Interest © 


6°/c on $41,751.00 


2,505.06 


Taxes @ 


2% on 41,751.00 


835.03 


depreciation 


@ b% on 41,751.00 


2,087.55 


Insurance @ 


1% on 41,751.00 


417.51 




Total fixed charges (N) 


5,845.15 




Total Operating charges (L!) 


33,688.54 




(P) Yearly cost of operation 


39,533.69 




SUMMARY 




Total yearly operating cost of isolated plant (D) 


43,633.00 


ii n 


" with Central Station 






Service (P) 


39,533.69 


(Q) Yearly saving 


(D-P) 


4,099.31 


(R) Invest, requi 


red $41,751 




Return on investment ■ D-P 






R 





/■/£. 7-1 



I <J 2 lb of water per lb of coal, the water 
rate per kwhr was established by divid- 
ing the total quantity of water evapo- 
rated in a year by the total power gen- 
erated. Since in this case the quantity of 
live steam u>cd for heating was very 
small, it was neglected. 

The electric power generated was de- 
termined b\ te>t meters over a period of 
4 months {See Fig. 1-b). The equiva- 
lent kilowatthours for the power de- 
veloped by steam-driven equipment other 
than generators was included in the total 
power generated. This figure was esti- 
mated from close observation of the op- 
eration of this equipment. 



To arrive at the quantity of exhaust 
-ream available per kilowatthour of 
power produced, the water rate per kilo- 
watthour was first reduced 15 per cent 
to allow for condensation losses leaks, 
etc. This quantity was further reduced 
by deducting the steam required tor 
feed water heating expressed in pounds 
per equivalent kilowatthour. 

A chart was prepared as shown in 
Fig. 12, giving by months the kilowatt- 
hours purchased for one year. The ordi- 
nates for the curve showing the exhaust 
steam available for heating were then 
established by multiplying the number 
of kilowatthours used b\ the exhaust 



steam available per equivalent kilowatt- 
hour. 

Hourly readings of the electric service 
company's meter and the heating com- 
pany's steam meters were taken over a 
period of a week in the winter season. 
The daily electric load curves for each 
week-day, except Saturday and Sunday, 
had practically the same contours and 
were of nearly equal magnitude. An 
average week-day electric load curve was 
prepared and from this were prepared 
the exhaust steam curves in Figs. 13 to 
18 by applying the exhaust steam factor 
as determined above. Such curves were 
prepared for Saturday and Sunday as 
shown in Figs. 17 and 18. As the power 
consumption for this building varied only 
slightly from month to month, the curves 
were assumed to be average curves for 
each such day during the year. If the 
monthly power consumption had varied 
materially during the heating season, 
then such curves would have had to have 
been prepared for each month. 

The steam consumption curves for 
building heating, as shown in Figs. 13, 
14, 15 and 16, were found to have prac- 
tically the same characteristics for each 
week-day. The curve for Saturday, 
given in Fig. 17, and the curve for Sun- 
day, given in Fig. 18, were, of course, 
found to be quite different. 

The ratio between each hourly con- 
sumption for the day and the total steam 
used for the day was established in terms 
of percentage of the total. The average 
of 5 days results so determined were 
taken as the actual average. The total 
daily steam consumption for heating was 
established by the formula described later 
in the report for outside temperatures 
ranging from to 65 F in 5-deg steps. 
By applying the hourly percentages to 
these totals, curves were established 
showing the hourly requirements of heat- 
ing steam for each 5-deg step. The 
steam used for water heating was 
metered separately and the hourly re- 
quirements added to the hourly re- 
quirements for building heating on each 
of the curves. Each of these curves was 
then superimposed on the curves show- 
ing the total exhaust steam available for 
a week-day, a Saturday and a Sunday. 
This set of superimposed curves gives in 
graphical form the total exhaust steam 
available on each day, the steam required 
for all heating purposes at various out- 
side temperatures, the exhaust steam that 
could be utilized and the live steam that 
had to be added when there was not I 
ficient exhaust steam available. 

H\ measuring the with a plani- 

meter it was determined for the outside 
temperature in si 5 deg how much 

of the exhaust steam available could 
tually be utilized. The number of w» 
days, Saturdays and Sundays in the h< 
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Fig. 3 — Former Boiler Room 

of 24-Story Bank and Office 

Building. Showing Four 250- 

hp Boilers 




Fig. 4—1 I ngine Room of 24-Story Bank and Office Building, Showing Two 150-kvs Engine 

Generator Sets 
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Fig. 5 — A n o th er 
View of Former 
Engine Room of 
24-Story Bank and 
Office Bui I ding 
Showing 75-kva 
Engine Generator 
Set on Left and 
Elevator Pumps on 
Right 





F i g. 6 — S w itch 
Board Equipment 
of Former Power 
Plant in 2 4 -Story 
Bank and Office 
Building 
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F i g. 1 — F o i m e r 
Engine Room — 
Basement floor of 
24 -Story Bank ami 
fice B u i I d i n ;■ 
Which, Since Cen- 
tra/ St at i on Service 
is Used, Has Be- 
come a Sab- Base- 

ment for Mechan- 
ical Equipment and 
Storage Space for 
/ <nants 



\ umbei 

mgime 

Han i 

Building 
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Fig. 9 — S everal 
Rooms Such as 
These Shown Here 
Were Provided for 
Bank Customers, 
for Clipping Cou- 
pons in Space For- 
merly Occupied by 
Boiler Plant of 24- 
Story Bank and 
Office Building 





Fig. 10 — Typical 2 -Room 
Suite of Offices in Space 
Formerly Used for Hy- 
draulic Elevators in 24- 
Story Book and Office 
Building. This space Was 
Made Available by Re- 
placing the Hydraulic 
Elevators with Modern 
Electric Elevators. For- 
m erly All Elevators 
Traveled to 24th Floor. 
Through the Higher 
Speed of the Electric 
Elevators Installed, Local 
Elevators Operate to 16th 
Floor Only. The Elevator 
Driving Equipment Occu- 
pies the Space of the 
Former Elevator Shafts 
on the 17th and 18th 
Floors. This Space on 
19th to 24th Floors Pro- 
vides Space for Offices as 
Shown in this Illustration. 
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ing season falling in each 5-deg step was 
determined from weather bureau records 
and by multiplying exhaust steam 
utilized for each curve by the number of 
days whose mean temperature fell with- 
in the 5-deg step of that curve, the total 
exhaust steam used during the heating 
season was determined. This is shown in 
the lower curve in Fig. 12. Dividing 
this total by the total available gives the 
ratio, which, in case of this 22-story 
office building, was only 9.6 per cent. 
This would be a low figure for the 
average office building as the quantity 
of steam used by this building is un- 
usually low due to the fact that it is 
exceptionally well managed. The heat- 
ing system is kept in a state of high ef- 
ficiency at all times. In general, due to 
close pressure regulation and usage in 
proportion to weather conditions, greater 
economy always is effected with pur- 
chased steam than with private plant 
operation. Unnecessary losses during 
mild weather periods and night hours 
are eliminated. 

Results of Summary 

From the data and curves the follow- 
ing results were obtained : 

Lb 

Exhaust steam available 71,482,000 

Exhaust utilized 6,842,000 

Exhaust to atmosphere 64,640,000 

Live steam make-up 408,000 

Total steam used 7,250,000 

Percent exhaust steam utilized... 9.6 

These calculations were all based on 
data established for the 1926-1927 heat- 
ing season which contained 5,313 deg- 
days. This was 102.5 per cent of a nor- 
mal heating season for the Pittsburgh 
district. 

Figs. 19 and 19-a show daily and 
yearly steam and electric load curves for 
an 840-room hotel. Although this hotel 
always has purchased power and steam 
services, a study was made to determine 
its operating costs with a private gen- 
erating plant. It was assumed that Uni- 
flow engine generators with a water rate 
of 33.2 lb of steam per kwhr would be 
installed. Assuming a loss of 10 per 
cent due to leaks, condensation, etc., the 
exhaust steam available would be 30 lb 
per kwhr. 

Taking the total kilowatthours used 
over a period of a year, as metered by 
the electric service company's meters, 
and applying the factor of 30 lb per 
kwhr, the curve for total exhaust steam 
available was obtained. Steam meters 
used by the heating company for billing 
purposes registered the total low-pres- 
sure steam used for building heating and 
water heating. The high-pressure steam 
service for the kitchen equipment was 
metered bv a steam flow meter on an 
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fig m 19. a Eight-Hundred-Forty Room Hotel — Yearly Steam and Electric Load Curves 



individual high-pressure line. Since this 
service could not be supplied with ex- 
haust steam it is represented on the 
curve as high-pressure steam supplied 
direct from the boiler plant. 

The following figures give the results 
of this study, which are shown graphi- 

callv in Fig. 19-a. 

Lb 
Exhaust steam available for heat- 
ing 104,520,000 

Exhaust utilized for heating 40,660,000 

Exhaust to atmosphere 63,860,000 

Live steam make-up 10,960,000 

Total steam used 51,620,000 

Percent exhaust steam utilized.. 38.9 

The consumption for heating used in 
this case occurred during the year 1927, 
which totaled 4,963 deg-days or 95.6 



per cent of a normal year of 5,189 deg- 
days for the district in which the hotel 
is located. 

Where meter tests are made to de- 
termine heating costs for a building 
where an isolated plant exists, care must 
be exercised in the location of these 
meters. In places where the condensate 
is not returned as in cooking, baking and 
laundry work, the steam used can be 
measured with steam flow meters. In 
some cases an estimate is sufficiently ac- 
curate as the steam used for such pur- 
poses is usually a small percentage of 
the total. 

It is of vital importance to ascertain 
whether or not injection water is used 
to cool the condensate where it enters 
the vacuum pump. If it is used it must 
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/ ig. 20 — Three-H undred-Sixty Room Hotel — Typical Daily Steam Load Curve 



be metered and the quantity deducted 
:n the quantity registered by the con- 
densate meter. 

Where the exhaust steam from an iso- 
lated plant is used for heating, the re- 
sults obtained by such meter measure- 
ment must not be taken is the actual 
quantity DCCessarj tor heating but should 
be used only as an approximate check. 
The engineer or manager of a building 
with an isolated plant invariably pays 
little attention to the condition of valves, 
radiator traps, etc., or to economies in 
the use of steam because the\ often are 
under the impression that the heating 
OOStS nothing since it i^ supplied from 
exhaust steam. Consequently the quan- 
tity used is frequently much greater 
n necessary. 



Method for Obtaining Heating 

Costs 

The following method of calculating 
the quantity of steam required for heat- 
ing has been widely used and has been 
tdiind ver\ reliable and accurate. Usually 
it is referred to as the degree-day method 
and is recommended by the National 
District Heating Association. Figs. 1-e, 
1 -f and 1-g show forms which provide 
the data required in making the calcula- 
tions. The formula is a< foil* 
H x D x 24 

P = 

L 

P = Pounds of steam per year. 
H s=s Heat losses of building in B.t.u. 
per hour per degree difference be- 



tween inside and outside tempera- 
tures. Details of the method of 
calculating these losses are given 
below. 
D = Degree-days per year ; degree-days 
being considered as the sum of the 
differences between the average 
daily outside temperature and 65F, 
for each day in the heating season, 
65F being considered the outside 
temperature at which no heat is 
required. It is assumed that an 
average temperature of b5F is 
maintained in the building over 
24 hr, that is, a temperature of 
70F for 12 hr during the day and 
60F for 12 hr at night. The 
heating season in Pittsburgh, Pa., 
is considered as 210 days and the 
number of degree-days as deter- 
mined from the daily average tem- 
perature as established for 50 yr 
bv the local weather bureau is 
5; 189. 
L = Latent heat of steam (970 B.t.u. 
assumed available for low-pressure 
steam ) . 
Simplifying the above formula by sub- 
stituting 970 for L, 

P = .0248 H D 
After the quantity of steam required 
has been determined by this formula, the 
coal required can be obtained by apply- 
ing an evaporation rate. If steam can 
be purchased from a central heating 
company it will be necessary to divide 
the total steam for the season into 
monthly quantities and then apply the 
rate under which the steam is purchased. 
Fur this purpose a table similar to 'Fable 
1 can be used. 

Tyble I 

MonthK Heating Requirement! in Percent- 
of rotal Annual Steam fur Pitts- 
burgh District 

Percentage of 
I ) *g Total Steam 
Days for Year 

20.6 

17.6 



Janu;i t \ 
Febnaa w 

March 
April .... 
May . 
June 
July 

AugUM 

September 
October .. 
November 
December 

Total 



915 

7X6 

415 

91 



15 
955 



15.1 
1.8 



.3 

5.6 






Calculation of Heat Lmsi 

The heat losses of a building may be 
computed to a fair degree of accuracy 
by using the standard method adopted 
by the National District Heating 
ciatiotL 

Theoretically one B.t.u. will 
temperature lir IF. Al- 
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lowing for safety and simplicity in figur- 
ing, 50 en ft is used, which makes the 
constant for one air change 0.02 B.t.u. 
per cu ft. 

In computing the heat losses for well 
constructed office buildings and hotels, 
good practice allows for one change of 
air per hour; for well constructed store 
buildings two air changes per hour. For 
buildings of loose construction and those 
having a forced method of ventilation, 
more air changes per hour must be con- 
sidered, the actual number depending 
on conditions. 

The first step is to compute the B.t.u. 
per hour required by infiltration or ait- 
change by multiplying the cubical con- 
tents of the building by the proper factor 
as set up in the right hand column of 

Table II. 

• 

TABLE II* 

Number of Btupercu 

Air Changes Ft. per Deg 

i , 01 

y A 015 

1 02 

r ; 03 

2 04 

3 06 

+ 08 

*From National District Heating Associa- 
tion Handbook. 

The second step involves the computa- 
tion of the B.t.u. per hour lost through 
the doors and windows by multiplying 
their area by the proper factor as found 
in Table III. The heat loss through 
door areas is considered the same as that 
of windows. 

Finally the B.t.u. per hour lost through 
walls, floors, roofs and ceilings, which 
are exposed to the outside air are com- 
puted by applying the proper factor as 
found in Table III. 

Radiation Required and Demand 

For steam radiation (2 to 3 lb pres- 
sure) the number of square feet of direct 



radiation may be computed by dividing 
the sum of the heat losses per hour by 

250. 

To compute the maximum demand in 
pounds of steam per hour, a close esti- 
mate may be obtained by using 0.3 lb 
per sq ft of radiating surface required 
or installed. 

Table III* 

B.t.u. Per Hr 
Per Sq Ft 
Walls Per Deg 

Windows, single glass, full sash area 1.25 
Windows, double glass, full sash area .60 

Plate glass 1.00 

Skylight, single glass, full sash area 1.10 
Skylight, double glass, full sash area .60 

Wooden door, 1 in 40 

Wooden door, 2 in 36 

Brick wall, % l / 2 in. plain 37 

Brick wall, 13 in. plain 29 

Brick wall, 17J4 in. plain 24 

Brick wall, 22 in. plain 21 

Brick wall, 27 in. plain , .19 

Concrete, 2 in. solid 78 

Concrete, 3 in. solid 71 

Concrete, 4 in. solid 66 

Concrete, 6 in. solid 56 

Frame wall (plaster, lath, stud clap- 
board) 50 

Frame wall (as above plus sheath- 
ing) 28 

Frame wall (as above plus sheath- 
ing and paper) 28 

Hollow tile, 2 in., l / 2 in. plaster both 

sides 41 

Hollow tile, 4 in. T / 2 in. plaster both 

sides 33 

Hollow tile, 6 in. J / 2 in. plaster both 

sides 28 

Solid plaster partition, 2 in 60 

Solid plaster partition, 3 in .50 

Wooden beams planked over, as 

flooring ■ .17 

Wooden beams planked over, as ceil- 
ing 35 

Lath and plaster ceiling, no floor 

above 62 

Lath and plaster ceiling, floor above .25 

Single Y± in. floor, no plaster beneath .45 

Single Y\ in. floor plaster beneath.. .26 

Brick wall, furred and plastered, use 

0.7 times non-furred. 
Stone wall, use 1.7 times brick wall. 

*From National District Heating Asso- 
ciation Handbook. 



Roofs 

Sheet iron l26 

Corrugated iron, without boards..., 1.81 

Slate on wood framing. 83 

Slate on 1 in. wood board. 39 

Iron on tight wood sheathing 28 

Tar paper over 1 in. boards 44 

2 in. board, paper, tar and gravel 26 

Patent (tar, gravel and paper) 30 

Tiling, 1 in. or less 80 

Tile, no boards under . 1.12 

6 in. hollow tile covered with 2 in. 

concrete, tar and gravel 40 

8 in. hollow tile covered with 2 in. 

concrete, tar and gravel 35 

Book tile with wood ceiling. 25 

Government tile with wood ceiling. . .25 
Reinforced concrete, without air 

space ■ - -57 

Reinforced concrete, with plaster in- 
cluding air space, cement with ex- 
panded metal reinforcing, asphalt 

and gravel covering 20 

Concrete with center filled, 2 in 80 

Concrete with center filled, 4 in 60 

Concrete with center filled, 6 in 54 

Additional Data 

Heat, light and power costs for addi- 
tional hotels and office buildings are 
given in the appendix, Figs. 21 -a to 
27-b beginning on the following page. 
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COMMERCIAL NATIONAL SECTION 

Commercial and Industrial Power and Heating Bureau 

( Administrative year, July i, 1930 —J 1931) 

Chairman, \V II Sammis, Commonwealth S Southern Corp, Ww York, X Y 



GENERAL POWER COMMITTEE 

<>pe: To act as a clearing house for competitive power problems; to obtain data on power costs in isolated tteam t fas 
and oil engine plants; to study and extend the ase of neiv and specific applications oj electru power in commercial and tndUS' 

trial fields. 

Chan num. H C Thuej rhe Utility W MY 

. < hair man, L J Lambebgb&, Duquesn< Light ( I Pi 

Representing Geographic Divisions 



Canadian — H E Pawson, Power Corp of Canada, Ltd, VIontreal, Canada 
Eastern — H.\um Zieme, Pennsylvania Klectric Co, Johnstown, Pa 
Ea»t Central — Charles Snyder, Monongahela West Penn Publi 

lirmont, W Va 
Great Lakes — C H Purdv, Consumers Powei Co, Jackson, Mi Ii 
Middle West — C E Murphy, Sioux City Gas and Klectric Co, Sioux City, 

New England — I II Fackson, Public Service Co of New Hampshire, K 

\ II 



North Central — K I Pulvta, \lim Duluth. \i 

Northwest — Thomas M G Sound Power and Li 

Wasfa 
Pacific Coast — W H PaIIS, F ctric Co, San Fran< I 

Calil 
Ro< ky Mountain — I \ .ice Co of Colorado, Dei. 

Southeastern — II I Vi 

Southwestern — I R M I l>xas 



Member»-at-Large 



Public Service Co of Northern Illinois, Chicago, 
^ S BAUGH, Kansas Gas & Electric Co, Wichita, Kan 

Bl vih. Texas Power & Light Co. Dallas, Texas 
I I BaoOKS, Philadelphia Electric Co, Philadelphia, Pa 
W \i i imwner, The Southern Sierras Power Co, Riverside, ( al 
VDl N,in Toaquin Light & Power Corp, Fresno, Cal 

I II < Oates, The New York Edison Co, New York, N V 

, Kansas City Power & Light Co. Kansas City, M<> 
I II Hart man, The Union Gas & Electric Co, Cincinnati, Ohio 



111 



M K Md i 

I > ( M, K' i . rbe Empir< 

L C Mel I lectric & I rgh, 

\\ \1 I 

Montana- D Minn 

\V II Oklahoma I oi • El« I 'kla 

I \\ W \ttles, The Edison Electric Illunn fass 

J I) Wright, G« N ¥ 
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On The Use of NEL A Report 

A Suggestion by President Jones 




o 



NE of the most valuable factors contributing 
to the usefulness of our Association is the 
work performed by its various committees. In 
their reports they present a mass of important 
information and many helpful suggestions that are 
entitled to our careful consideration. Some, but 
not all, of the executives, we suspect, appreciate 
the value of the facts thus made available and put 
them to good use. 
Electrical engineers and others from abroad who visit the Head- 
quarters of the Association in New York are so impressed with the 
importance of these reports that they almost invariably buy them in 
large numbers for use in their several countries. 

I strongly suggest that each executive, if he has not already done 
so, prepare a list which should include the names of individuals 
occupying important positions in his organization and place a stand- 
ing order with NELA Headquarters for the regular distribution of 
the reports as they are released. : 

It is my thought that such distribution should not be too restricted, 
for every company has its corps of younger men who, if properly 
developed, may become the directing executives of tomorrow. 

Recognizing the dollars and cents value of investigation and re- 
search and having at hand facts pertaining to our particular 
problems unobtainable elsewhere, it is obvious that much is to be 
gained by the full use of this information. 

I trust that executives of member companies will give considera- 

52 1 i«f?i IU 5 8< ? tI - OIL ThiS is ° ne ° f the re P° rts Polished during 
the 1930-31 administrative year which is now available for use of 
our members. During the last administrative V ear 68 reports and 
2 manuals were published. A list of these and man/ report. 
manuals and reference books previously published may be obtamed 
from Headquarters unon rennet 



idquarters upon request. 




•By a method successfully employed by many member 
companies, each department head acquaints himself with 
the character of reports issued by NELA Committees 
and then determines those persons in his department 
whose operations would be benefited by the use of 
reports relating to their work. A list showing names 
of persons and the reports each should receive is sent 
to the librarian or another person, who places with 



*-*«-*<</ 



President 



the Association a "Standing Order" based on req 
ments of all departments. Immediately upon cor 

and I" " fi b I ' C ° mmittee ' ,he re P° rt is P»°l> 
and the specfied number of copies are sent to 

l.branan, together with invoice, for distribution 

"Standing Order" forms and list of available N 
publ.cat.ons will be sent upon request. 



NATIONAL ELECTRIC LIGHT ASSOCIATION! 

420 Lexington Avenue * T ™ 1A l 1UN 

NEW YORK, N. Y. 



